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(54) LIQUID CRYSTAL ELEMENT 

(57)Abstract: 

PURPOSE: To unformalize optical characteristics, to unify the 
inclination directions of liquid crystal molecules when an electric 
field is impressed thereto and to enable the execution of stable 
display operations by laminating monomolecular films of the 
reaction compd. of polyamic acid and long-chain alkyl amine and 
imidizing the films at a specific imidization rate, thereby forming 
perpendicularly oriented films. 

CONSTITUTION: Transparent electrodes 4, 5 are respectively 
formed on the surfaces facing each other of a pair of transparent 
substrates 1, 2 consisting of glass, etc. The electrode forming 
surfaces of the two substrates 1, 2 are coated with transparent 
insulating films 6, 7 consisting of silicon oxide, etc., and the 
perpendicularly oriented films 8, 9 for orienting the liquid crystal 
molecules A nearly perpendicularly to the planes of the 
substrates 1, 2 are formed on these insulating films 6, 7. Both of 
the perpendicularly oriented films are formed by laminating the 

monomolecular films of the reaction compd. of the polyamic acid and the long-chain alkyl amine in plural 
layers and imidizing these films at the imidization rate a % in a 0< a <50 range. 
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CLAIMS 



[Claim(s)] 

[Claim 1] To the field which counters mutually [ the transparence substrate of the couple which 
counters on both sides of a liquid crystal layer ], a transparent electrode, It comes to form the vertic 
orientation film for carrying out orientation of the liquid crystal molecule with a predetermined inclinai 
to the normal of a substrate side. And said vertical orientation film The liquid crystal device which 
carries out the laminating of the monomolecular film of the reaction compound of polyamic acid and 
long-chain alkylamine, and is characterized by consisting of film with which rate of imide-izing alpha% 
was imide-ized in 0< alpha<50. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the liquid crystal device to which vertical orientation of 

the liquid crystal molecule was carried out. 

[0002] 

[Description of the Prior Art] There are things, such as dynamic scattering (DS) mode, vertical 
orientation mold mode of the electricHleld control mold birefringence (ECB) modes, and phase transition 
mode, in the liquid crystal device to which vertical orientation of the liquid crystal molecule was carried 
out. 

[0003] These liquid crystal devices are the things in which a transparent electrode and the vertical 
orientation film for carrying out orientation of the liquid crystal molecule vertically to a substrate side 
were formed to the field which counters mutually [ the transparence substrate of the couple which 
counters on both sides of a liquid crystal layer ], and said vertical orientation film is formed by making a 
substrate side apply and dry conventionally the surfactant solution which has a long-chain alkyl group. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the conventional liquid crystal device which applies 
a surfactant solution as mentioned above and forms the vertical orientation film In order that vertical 
orientation of the liquid crystal molecule cannot be carried out uniformly, therefore a uniform optical 
property may not be obtained, since dispersion is in the stacking tendency of the vertical orientation film, 
and a liquid crystal molecule may carry out orientation in the nearly completely vertical condition to an 
orientation film surface, It had the problem that the display action which the liquid crystal molecule when 
impressing electric field to a liquid crystal layer fell, and a direction was not fixed, therefore was 
stabilized was not obtained. 

[0005] The object of this invention is to offer the liquid crystal device to which the display action which 
was made to carry out orientation of the liquid crystal molecule to an abbreviation perpendicular 
uniformly, made the optical property homogeneity, the liquid crystal molecule when moreover impressing 
electric field fell, fixed the direction, and was stabilized can be made to perform. 
[0006] 

[Means for Solving the Problem] The liquid crystal device of this invention to the field which counters 
mutually [ the transparence substrate of the couple which counters on both sides of a liquid crystal 
layer ] A transparent electrode, It comes to form the vertical orientation film for carrying out orientation 
of the liquid crystal molecule with a predetermined inclination to the normal of a substrate side. And said 
vertical orientation film The laminating of the monomolecular film of the reaction compound of polyamic 
acid and long-chain alkylamine is carried out, and rate of imideHzing alpha% is characterized by 
consisting of film imideHzed in 0< alpha<50. 
[0007] 

[Function] The orientation film with which rate of imide-izing alpha% made the film which carried out the 
laminating of the monomolecular film of the reaction compound of the above-mentioned polyamic acid 
and long-chain alkylamine imide-ize in 0< alpha<50 has the stacking tendency to which orientation of 



the liquid crystal molecule is carried out almost vertically with few pre tilt angles to the normal of an 
orientation film surface, and the stacking tendency is uniform over the orientation film whole region. For 
this reason, since according to the liquid crystal device of this invetation orientation of the liquid crystal 
molecule is carried out uniformly, a uniform optical property can be obtained and a liquid crystal 
molecule carries out orientation uniformly with the above-mentioned pre tilt angle, the liquid crystal 
molecule when impressing electric field can fall, and the display action which fixed the direction and was 
stabilized can be made to perform. 
[0008] 

[Example] Hereafter, one example of this invention is explained with reference to drawing 1 and drawing 
2 . i 

[0009] Drawing 1 is the sectional view of a liquid crystal device. This liquid crystal device joins the 
transparence substrates 1 and 2 of a couple which consist of glass etc. through the frame-like sealant 3, 
it is what enclosed liquid crystal with both this substrate 1 and the field surrounded by the sealant 3 
between two. and transparent electrodes 4 and 5 are formed in the field where both the above- 
mentioned substrates 1 and 2 counter mutually, respectively. Moreover, the electrode forming face of 
both these substrates 1 and 2 is covered by the transparent insulator layers 6 and 7 which consist of 
oxidation silicon (Si 02) etc.. and the vertical orientation film 8 and 9 for carrying out orientation of the 
liquid crystal molecule A almost vertically to the 1 or 2nd page of a substrate is formed on these 
insulator layers 6 and 7. 

[0010] Rate of imide-izing alpha% makes the film with which the above-mentioned vertical orientation 

film 8 and 9 all carried out the laminating of the monomolecular film of the reaction compound of 

polyamic acid and long-chain alkylamine to two or more layers imide-ize in 0< alpha<50. 

[001 1] These vertical orientation film 8 and 9 is formed by the following approaches. In addition, although 

formation of the vertical orientation film 8 prepared in one substrate 1 is explained, the vertical 

orientation film 9 prepared in the substrate 2 of another side is formed similarly here. 

[0012] The above-mentioned polyamic acid is expressed with the structure expression of the following 

[-izing 3], and this polyamic acid compounds the tetracarboxylic dianhydride expressed with the 

structure expression of [-izing 1].' and the diamine expressed with the structure expression of [-izing 2]. 

and is obtained. 

[0013] 

[Formula 1] 
O 




[0014] 

[Formula 2] 
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[0015] 
[Formula 3] 
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[0016] Moreover, the above-mentioned long-chain alkylamine is for giving hydrophobicity to polyamic 

acid with a hydrophilic property, and this long-chain alkylamine is expressed with the structure 

expression of the next [-izing 4]. 

[0017] 

[Formula 4] 
Rl N R 2 

R3 



ri , R2 imi&T^^^i^u^^T 
R3 imme>TJi>*j\'S 

[0018] The solution which melted the above-mentioned polyamic acid to the solvent, and the solution 
which melted the above-mentioned long-chain alkylamine to the same solvent are mixed at a rate of 1:1, 
the ionic bond reaction of the above-mentioned polyamic acid and the long-chain alkylamine is carried 
out, and the solution of the polyamic acid derivative compound (polyamic acid salt) expressed with the 
structure expression of the following [-izing 5] is created. In addition, as a solvent of the above- 
mentioned polyamic acid and long-chain alkylamine, the mixed solvent which mixed NMP (N-methyl-2- 
pyrrolidinone) and benzene at a rate of 1:1 is used. Moreover, the concentration of a long-chain 
alkylamine solution is the same as the concentration of a polyamic acid solution, or let it be 
concentration deeper than it. 
[0019] 
[Formula 5] 




CNH A 2 



O 0 ©H 

R> N— R2 

I 

R3 



[0020] and the substrate 1 top which the level orientation film 8 formed the transparent electrode 4, and 
formed the insulator layer 6 on it — LB — carry out the laminating of the monomolecular film of the 
above-mentioned polyamic acid derivative compound to a necessary layer, and it is made to put on it by 
law, and the cascade screen of this monomolecular film is imide-ized by heat treatment, and is formed. 
drawing 2 — a substrate 1 top — the monomolecular film of a polyamic acid derivative compound — LB 
— how to make it covering by law is shown. Covering of this monomolecular film is performed as follows. 
First, hydrophilic processing is performed to the monomolecular-film covering side (the 6th page of 
insulator layer) of the above-mentioned substrate 1, and this substrate 1 is made immersed at right 
angles to underwater [ in a cistern 10 ]. 

[0021] Next, after making the water surface in a cistern 10 into a potentiometric surface, the solution of 



the above-mentioned polyamic acid derivative compound is dropped on the water surface between the 
migration barrier 11 of the shape of a bar prepared in water surface height, and a substrate 1, and the 
monomolecular film a is developed on the water surface. 

[0022] Next, moving the migration barrier 1 1 in the direction of a substrate with constant speed (2 
mm/min), and pushing a monomolecular film a in the direction of a substrate moving the migration 
barrier 1 1 in the direction of a substrate, clustering the single molecule on the water surface, and 
adjusting the surface pressure of a monomolecular film a to 1 constant pressure (25 dyn/cm), it is made 
to align with this, a substrate 1 is pulled up, and the monomolecular film a on the water surface is made 
to put on a substrate 1. 

[0023] Since a part with a hydrophilic property adheres to the substrate 1 which has performed 
hydrophilic processing and the single molecule on the water surface can be pulled up at this time, a 
molecule puts a monomolecular film a on a substrate 1 in the condition of having stood in a line in the 
about 1 direction. The following repeats the covering process of the above-mentioned monomolecular 
film a, and carries out the laminating of the above-mentioned monomolecular film a to a necessary layer 
on a substrate 1. 

[0024] Thus, the cascade screen of this monomolecular film a is made to imide-ize at less than 50% of 
rate alpha of imide-izing (0% < alpha< 50%), and let it be the vertical orientation film 8, after carrying out 
the laminating of the monomolecular film a of the above-mentioned polyamic acid derivative compound 
to a necessary layer on a substrate 1 

[0025] Imide-ization of the cascade screen of the above-mentioned monomolecular film a is performed 
by using together both the chemical treatment by solutions, such as heat treatment or an acid anhydride, 
or said heat treatment and chemical treatment. Moreover, the rate alpha of imide-izing is controlled by 
heat treatment temperature or concentration of said chemical treatment solution (solutions, such as an 
acid anhydride). 

[0026] The vertical orientation film 8 which makes-izing [ the cascade screen of the monomolecular film 
a of the above-mentioned polyamic acid derivative compound ] come [ imide ] is polyimide system film, 
and this polyimide film has structure like the next [-izing 6]. 
[0027] 
[Formula 6] 



[0028] The orientation film 8 and 9 which consists of polyimide film formed in both the substrates 1 and 
2 as mentioned above has the stacking tendency to which orientation of the liquid crystal molecule A is 
carried out almost vertically with few pre tilt angles to the normal of an orientation film surface, and the 
stacking tendency is uniform over the orientation film whole region. The orientation film 8 and 9 which 
consists of the above-mentioned polyimide film has such a stacking tendency, because the rate alpha of 
imide-izing is made into less than (0% < alpha< 50%) 50%. 

[0029] That is, since itself has a vertical stacking tendency, even if the monomolecular film a of the 
above-mentioned polyamic acid derivative compound imide-izes the cascade screen of this 
monomolecular film a and does not use it as the polyimide film, it can be used as the vertical orientation 
film. However, the display action which the liquid crystal molecule when impressing electric field to a 
liquid crystal layer fell, and this vertical orientation film of a direction that is not imide-ized was not 
fixed, therefore was stabilized since it carried out orientation of the liquid crystal molecule in the 
condition of becoming vertical nearly thoroughly to an orientation film surface, over the orientation film 
whole region, although that stacking tendency is uniform is no longer obtained. 




n 



[0030] Moreover, the polyimide film which imide-ized the cascade screen of the above-mentioned 
monomolecular film a at 50% or more of rate of imide-izing makes whenever [ tilt-angle / of the liquid 
crystal molecule to the normal of the film surface ] larger than 45 degrees, and comes to carry out level 
orientation of the liquid crystal molecule. 

[0031] On the other hand, the stacking tendency of the above-mentioned orientation film 8 and 9 with 
which the rate of imide-izing consists of less than 50% of polyimide film is uniform over the orientation 
film whole region, and, moreover, it has the stacking tendency to which orientation of the liquid crystal 
molecule A is carried out almost vertically with few pre tilt angles to the normal of an orientation film 
surface. 

[0032] For this reason, since according to the liquid crystal device of the above-mentioned example 
orientation of the liquid crystal molecule A is carried out uniformly, a uniform optical property can be 
obtained and the liquid crystal molecule A carries out orientation uniformly with the above-mentioned 
pre tilt angle, the liquid crystal molecule A when impressing electric field can fall, a direction can be 
fixed, and the stable display action can be made to perform. 
[0033] 

[Effect of the Invention] Since rate of imide-izing alpha% made the film which carried out the laminating 
of the monomolecular film of the reaction compound of polyamic acid and long-chain alkylamine for the 
vertical orientation film formed in both the substrate have imide-ized in 0< alpha<50 according to the 
liquid crystal device of this invention, Vertical orientation of the liquid crystal molecule can be uniformly 
carried out with a moderate inclination to the normal of a substrate side, consequently an optical 
property is made into homogeneity, the liquid crystal molecule when moreover impressing electric field 
can fall, and the display action which fixed the direction and was stabilized can be made to perform. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of a liquid crystal device showing one example of this invention. 

[Drawing 2] Drawing showing the covering approach of a monomolecular film. 

[Description of Notations] 

1 2 — Substrate 

4 5 — Electrode 

6 7 — Insulator layer 

8 Nine — Vertical orientation film (less than 50% imide-ized film) 
A — Liquid crystal molecule 
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